A flatoxins (AFs) produced by Aspergillus flavus and A. parasiticus, and ochratoxin A (OTA) produced by A. alutaceus and Penicillium verrucosum are carcinogenic mycotoxins, and consequently, their levels in various agricultural products have been monitored (1) (2) (3) (4) (5) (6) .
The possibility of mycotoxins getting into beer from contaminated grains used in brewing was pointed out in the early 1970s (7) (8) (9) (10) (11) , and mycotoxins in beer recently were reviewed (12) . Until the 1990s, contamination of beer with OTA was not reported (8, (12) (13) (14) (15) (16) , except for one study (17) that showed exceptionally high levels of OTA in beer. Since the introduction of liquid chromatography (LC) with fluorescence detection to determine OTA, low levels of OTA (up to 1.53 ng/mL) in beer have been reported (12, (18) (19) (20) . Moreover, with the use of immunoaffinity columns in the cleanup steps, detection limits have improved to the parts-per-trillion range. Now, many incidences of OTA contamination of beer have been reported, although levels are very low (up to 0.2 ng/mL; 12, [21] [22] [23] [24] .
On the other hand, high levels of AFs (up to 262 ng AFs B 1 + G 1 /mL) and high incidences (up to 100%) in African beer have been reported (12, (25) (26) (27) . However, AFs were not detected in several surveys of European beers before 1991 (12-15, 17, 28-30) . With the use of immunoaffinity column for analysis of AFs in beer, parts-per-trillion levels of AFs have been found in Mexican and Brazilian beers (31) . In Japan, only 2 reports exist concerning OTA and AF B 1 contaminations of a limited number of beer samples (32, 33) . This study surveys OTA and AFs in Japanese and imported beers.
METHOD
Safety note: AFs and OTA are carcinogens and should be handled with care (34) .
Apparatus
(a) LC system.-LC-10AD pump, SIL-10A autoinjector, CTO-10AC column oven, RF-10A spectrofluorometric detector (150 W Xenon lamp), DGU-3A degasser, CBM-10A communications bus module, Class LC-10 chromatography data system (Shimadzu, Kyoto, Japan), stainless steel Capcell Pak C 18 SG 120, 250 × 4.6 mm column (Shiseido, Tokyo, Japan). Operating conditions: flow rate, 1.0 mL/min; column oven, 40°C.
( (i) Sample collection.-Beer samples were purchased in Nagoya City, Japan, in 1998. The 116 samples of different brands were composed of 22 Japanese beer samples; 17 beer samples imported from the United States; 15 from Belgium; 7 from Germany; 6 from Holland; 5 from the United Kingdom; 4 from Mexico; 3 each from Canada, Denmark, Italy, and Thailand; 2 each from Brazil, Australia, Austria, France, Portugal, Indonesia, and Singapore; and 1 each from Jamaica, Trinidad, Bolivia, Peru, New Zealand, Tahiti, Kenya, Spain, China, India, Israel, the Philippines, Taiwan, and Vietnam. They were stored at 4°C until opened for analysis. For method recovery studies, 10 µL AF mix working dilutions or 5 or 50 µL OTA working dilution was transferred to a 100 mL Erlenmeyer flask and evaporated to dryness under a gentle stream of nitrogen. Beer sample (20 mL) was added, and the mixture was dissolved by immersion in an ultrasonic bath for 1 min and mixed well.
Cleanup with Immunoaffinity Column
Filter beer through glass microfiber filter, and degas for 30 min by using an ultrasonic bath. Insert needle into top cap of affinity column. Remove top cap and cut off tip. Connect reservoir to cap and attach column. Remove end cap and set at vacuum manifold. Immediately pipet 20 mL beer into reservoir and allow to drain by gravity. Wash column with 5 mL water. Remove column from manifold. Place 10 mL glass test tube under column and then elute toxin with 2 mL methanol by gravity. Place test tube in an aluminum block heater set at 40°C, and evaporate eluate to dryness under a gentle stream of nitrogen. For OTA, use the OchraTest column, dissolve resi- a Mean values were calculated by assuming that samples containing levels less than detection limit contained OTA at 0 pg/mL. b ND = not detectable (less than detection limit). c -= not applicable.
tions. Add 2 mL methanol (dried with anhydrous Na 2 SO 4 ) and 0.1 mL H 2 SO 4 to dried extract from affinity column. Cap and heat for 20 min at 100°C. Add 2 mL water to reaction mixture, and extract with 1 mL CHCl 3 3 times. Wash CHCl 3 layer with 1 mL water. Evaporate CHCl 3 layer to dryness under a gentle stream of nitrogen. Dissolve residue in 1 mL 30% acetonitrile. Confirm disappearance of OTA peak and appearance of OTA methyl ester peak.
LC Determination
Using an autosampler, inject 100 µL sample extract (equivalent to 2 mL beer) or appropriate standard. For detection, set wavelengths for AF B 1 or OTA by using the scanning mode of the LC system as follows: for AF B 1 , excitation, 355 nm; emission, 430 nm; for OTA, excitation, 383 nm; emission 432 nm. Compare peak heights of AFs or OTA in sample extract and each standard for the determination. Typical retention times are 6.4, 7.9, 13.1, 17.7, 7.9, and 9.2 min for AF G 2a (corresponding to AF G 1 ), AF B 2a (corresponding to AF B 1 ), AF G 2 , AF B 2 , OTA methyl ester, and OTA, respectively.
Results and Discussion
Scott and Lawrence (31) recommended the use of silanized vials to evaporate the methanol eluate from the immunoaffinity column. We checked the recoveries of toxins from silanized and nonsilanized vials and found no differences in recoveries of toxins when the residue was dissolved in an ultrasonic bath. The results of a recovery study with beer spiked with 2 levels of AFs or OTA, using a blank beer that contained no detectable AFs and OTA, are summarized in Ta For OTA analysis, we used ion-pair chromatography in the alkaline mobile phase. The fluorescence intensity of OTA increases under alkaline condition (35, 36) . Therefore, the detection limit of OTA in beer (signal-to-noise ratio of 3:1) improved to 1.0 pg/mL beer, which is an order of magnitude lower than that of another method (23) . Also for AF analysis, by setting the maximum excitation and emission wavelengths of AF B 1 under the used mobile phase through the scanning mode of the LC system, the detection limit of AF B 1 in beer was sufficiently low for a survey of AFs in beer. Detection limits were 0.5 pg AF B 1 and AF B 2 /mL beer and 1.0 pg AF G 1 and AF G 2 /mL beer. These limits are comparable with those reported by Scott and Lawrence (31), even though the injection volume of beer sample used in the current study (equivalent to 2 mL beer) was less than that of the other method (equivalent to 7 mL beer).
The immunoaffinity columns removed matrix interferences, as shown by the liquid chromatograms (Figures 1 and  2 ). The identity of AF B 1 was confirmed by the disappearance of the AF B 2a peak without trifluoroacetic acid derivatization ( Figure 1B) . In the case of OTA, a positive confirmation of identity was provided by the disappearance of the OTA peak at a typical retention time of 9.2 min and appearance of the OTA methyl ester peak at a typical retention time of 7.9 min when methylation was done ( Figure 2B ). Although the OTA methyl ester peak appeared after the OTA peak under an acidic mobile phase (23), the OTA methyl ester peak appeared before the OTA peak under an ion-pair chromatography alkaline mobile phase (35) .
Results of OTA analysis of the beer samples from various countries are shown in Table 2 . OTA was detected in imported beer samples at levels ranging from 1.2 to 66.2 pg/mL at a high incidence (91.5%) and in Japanese beer at levels ranging from 2.2 to 44.8 pg/mL at a high incidence (95.5%). Recently, Thellman and Weber (24) detected OTA in 3 malt samples at levels ranging from 0.1 to 0.92 µg/kg. In our results, 100% malt (no adjuncts) beer samples from Germany and other countries also contained OTA at levels ranging from 6.9 to 36.4 pg/mL. These results indicate that OTA is likely to enter the final beer from malt. The mean OTA concentration in Japanese beer samples was similar to that in North American or European beer samples. In Japan, most malts for beer are imported from North America and Europe, and so it is not unlikely that the concentrations of OTA in Japanese beer would be similar to those in North American and European beers. However, one Japanese beer sample made from only domestic barley contained OTA at 5.9 pg/mL. This result suggests that Japanese barley also may be contaminated with OTA or OTA-producing fungi.
AFs were detected in beer samples from countries where AF contamination might be expected to occur because of their warm climate. AF B 1 was detected in 11 imported beer samples from the United States, Mexico, Bolivia, Brazil, Peru, Kenya, Spain, India, Israel, and the Philippines at levels ranging from 0.5 to 83.1 pg/mL. The samples from Bolivia, Peru, India, and the Philippines also contained AF B 2 . The levels of AF B 1 in beer samples are comparable with those reported by Scott and Lawrence (31) . Two Japanese beer samples also contained AF B 1 at very low levels (0.5 and 0.8 pg/mL). Except for one beer sample from Peru, samples contaminated with AFs were also contaminated with OTA. In conclusion, because of the worldwide occurrence of OTA in beer, surveys of beer for OTA and other mycotoxins should be continued.
